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Green Heating and McKillop Library Building

Gabrielle Gardner, Alexandra Riewer, Anthony Rothwell, Kalei Sullivan

ABSTRACT
As global warming becomes an ever increasing problem, it is Salve Regina University and the Newport
communities job to do their part. In an effort to reduce their carbon footprint, we performed a series of tests on the
heating and building of McKillop library at Salve Regina to measure its carbon emissions and environmental impact.
As a team, we tested for areas of heat loss and temperature change and internal temperature and humidity
fluctuation. We also focused on the types of insulation that the building uses and the efficiency of its HVAC –
heating, ventilation, and air conditioning – system. Finally, we looked at the roof concerns with regards to the
leaking problems and have looked into alternatives such as a green roof. As a result, we have discovered the
inefficiencies of the library’s heating practices and have found other options for the library to consider involving the
roof as well as providing facts and figures. With all of this research, we are now able to see the impact McKillop
library has on the environment. Hopefully changes will be able to made in the short and the long run.

INTRODUCTION
There is an ever-increasing amount of evidence that is suggesting that human actions are contributing to
global climate change.1 Specifically in Rhode Island, the average temperatures could increase by 4˚F in the winter
and spring and by 5˚F in the summer and fall.2 Worldwide, the average annual temperature has increased by about
0.6˚C over the past century. The Polar Regions are seeing the worst of the rise in temperatures, as much as 4˚C.
Climate change not only affects temperature, it also can have devastating effects on sea level rise, precipitation,
tropical storms, agriculture, and the earth’s fresh water supply. The forcing factor behind these changes is
anthropogenic actions releasing gases, and in particular carbon dioxide (CO₂). Greenhouse gases, also including
methane, nitrous oxide, and chlorofluorocarbons (CFCs), trap heat and warm the atmosphere. C & C also points out
that our carbon levels have dramatically increased since the Industrial Revolution (from 270 to 387 ppm), and if
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these current trends continue, we could triple the pre-industrial levels by the end of the century, reaching levels of
CO₂ that we have not seen in millions of years. 3
The impact of climate change is very important to Salve Regina University mainly because we are located
directly on the Atlantic Ocean. Newport and the surrounding areas experience the effects of tropical storms, mostly
hurricanes with high winds and excessive rain. With a rise in global temperature, hurricanes in the area could
possibly be more frequent or sporadic and have more devastating effects. In addition, Lester Brown’s book Plan B
3.0 points out that if ten meters of sea level were to rise, 634,000 people would be affected, specifically on the
coastal regions. Newport is a coastal region, located on Aquidneck Island completely surrounded by water and
which holds much historical value. In addition, Rhode Island’s marshes, estuaries, and salt ponds are critical
habitats for waterfowl and many other terrestrial animals. The coastal ecosystem of Rhode Island is also very fragile
and is susceptible to sea level rise destruction, as well as if the frequency and severity of storms increase. Such
losses would reduce coastal habitat that supports diverse sea life and migratory waterfowl.4
The school now needs to play its part in helping to reduce global climate change, and that can start with
finding the carbon footprint of McKillop Library and coming up with proposals for the library to reduce it. Our
group is focusing on the heating of the library as well as the composition of the building itself. There are many
issues that underlie these two components of the library’s carbon footprint. The heating of the building, especially
in the winter months is a large issue. The school has to be conscious with the temperature of the library as to not
allow mildew to grow on the books due to the humidity of the building. It is our job to determine a possible
temperature that is comfortable for the people inside the building, does not cause mildew growth, and is friendly to
the environment.
The library’s first, second, and third floors compiled come to a total square footage of 71,000. The library
used 47,250 ccf (hundred cubic feet) of natural gas for a grand total for the year of 2008 of $43,943 at $0.93 per ccf.
With all these numbers, we are able to determine a general figure of the library’s carbon footprint of approximately
3,419 U.S. short tons of CO2 emissions last year due to heating.5 Also, we are looking into the walls and insulation
of the building and how much heat the library is inefficiently losing through the walls.
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Another important aspect to the building is the issue regarding the leaking of the roof, which has become a
serious problem for the library, especially on the third floor. Water damage ruins books as well as the bookshelves,
tables, chairs, computers, and carpeting in the library. As a possible long-term project, we are looking into the
rebuilding of the roof and the addition of a green roof, solar panels, or photovoltaic cells. As one example,
Evolution Solar, an alternative energy company located in Tempe, AZ, strongly encourages the use of solar energy
for it is a great investment for saving money as well as much friendlier to the environment. Here we attempt to
estimate what those savings might be and provide a range of payback time on investment. The proposals these
companies make will further support our claims as to why the library should consider alternative sources of energy.
In general, our main goals for this project are to determine the heating efficiency of the building, a comfortable and
energy efficient constant temperature, the amount of heat that is lost through the walls, and a possible alternative
roof to mend the ubiquitous leaking issues on the third floor of the library.

METHODS
Heat Loss
A main heating issue that the library may have is the loss of heat through the walls of the library. There are
a few ways to approach this problem to determine a rough estimate of how much energy is lost through the windows
and walls. I contacted the facilities department through e-mail and asked a range of important questions regarding
the building. The questions covered topics concerning the materials used on the outside of the building as well as
the type of insulation and windows. Questions addressing the leaking problems with the roof were also covered, as
well as a proposal to possibly receive access to the roof. With the answers to some of these questions – especially
those regarding the heating bill – I am able to determine a general amount of how much CO2 is emitted for the year
2008. A look at the building’s section plan is also helpful to determine the types of materials used.
Another way to determine how much energy is lost through the windows and walls of the building is
through the use of Omega OSXL450 Infrared Thermometer guns. These guns can determine the temperature of any
object. In the case of the library, I generally focused on getting the temperature of all the walls, windows, vents, and
ceilings – especially the vaulted areas – to determine where heat loss is occurring relative to external and internal
temperatures. By doing this, I was able to determine which walls and windows were warmer, or colder, and in what
areas. I also took into consideration the effect of the sun shining on the building. At different times of the day, the

sun will be shining on different parts of the building, therefore warming different areas at different times. It was
also important to note the temperature outside the library because on a warmer day the windows may not be as cold
and vice versa.
I also came into contact with a number of library personnel asking them a series of questions concerning
their thoughts on the heating efficiency of the library. The questions covered topics such as specific areas that seem
too hot or cold, uneven temperatures during certain times of the year/week/day, their knowledge of the heating
system, and if they would like to see any changes. To get a sample of responses from people who are in the library
most of the day that fully experience the constant temperature changes and heating issues will be very valuable
information and further support our claim of the inefficiencies of the heating system.

Internal Temperature and Humidity Fluctuation
Major concerns of the library were fluctuations of temperature and humidity levels in different areas of the
library. Areas of concern are near windows and doors, offices, seating areas, but especially the archives. The
noticeable difference in temperature on different floors, near windows, or within the book shelves are apparent
without even measuring. Not only is comfort an issue but the concern of the books continued existence is a major
issue as well. Our group has access to three Extech Instument Humidity and Temperature Dataloggers, which
measure temperature and humidity with the press of a button. By placing these portable devices in different areas of
the library, we are able to capture, graph, and print the results of temperature and humidity over time.

Roof
A major concern of the library is the
condition of the roof. There have been many leaks
over the past few years that have had a large
impact on the third floor materials. Another rising
concern is if the roof continues to leak, is the
library at risk for growing mold and mildew?
Therefore, the library staff has shown a great
interest in replacing the roof using a green

method. One of the main roof replacement options when choosing to build green is green roofing. A green roof is
an extension of the existing roof which involves a high quality water proofing and root repellant system, a drainage
system, filter cloth, a lightweight growing medium and plants.6 It is important to fully understand how the roof is
built as well as the benefits of this urban ecosystem. The first layer of the roof will consist of the main structural
support, which will then be followed by insulation and water proofing. These bottom layers will then be topped with
a drainage layer to regulate excess water giving it a place to escape, which would solve the library’s leaking
problem. This drainage layer is then covered by a filter membrane, growing medium, and finally vegetation.7 Many
benefits can be achieved through this green roof infrastructure system. These benefits could be very favorable to the
library and include: storm water management, reduced energy costs, cooling effect requiring less air conditioning,
sound insulation, and extended roof life. The only downside to green roofing is the initial cost for materials and
installation. Therefore, the focus of this method was to acquire the Mckillop Library’s roof blueprints and calculate
an estimate of its square footage. Upon receiving this information, I was able to research the costs and benefits of
installing a green roof. Throughout my research, I discovered that the Potter League for Animals in Middletown, RI
had recently built a green roof. I then identified the green roof building company who completed this project as
Apex Green Roofing of Sommerfield, Massachusetts. I then further investigated benefits and cost estimates for a
potential green roof for the Mckillop Library.
Boiler
I chose to focus on the heating of the building because building heating contributes to 33% of carbon
dioxide, the main greenhouse gas. I chose to research the boiler as the main focus of my project because on average,
boiler efficiency has increased by 25% since the 1980s. I have met with Bob Snell and obtained a “mechanical
schedule” that gave me the make and model of all the machinery involved with the heating of the building. Included
on this list was the make and model of the current boiler in the library. The current boiler is a Weil- McLain LGB
and is about 80% efficient. I reviewed the heating bill and used it to figure out exactly have much natural gas is used
and how much carbon that translates into using a carbon calculator. After that I worked with an HVAC technician
over the phone to find a more efficient boiler that can be installed. Using his professional estimations of installation,
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I figured out how long it would take to pay for itself. Lastly, by running some calculations, I projected how much
money and carbon I could save the library a year with a more efficient boiler.

RESULTS
Heat Loss
A copy of the building’s section plan was provided to me by Bill Charbonneau of facilities and it returned
interesting information. The windows the building uses are ¾” thermo pane, argon filled windows. Through further
research, I was able to determine that they are double paned windows separated by a trapped air space – the argon.
The double pane as well as the argon filled gas space minimizes convection currents. This reduces the overall
transfer between heat inside and outside of the building. The union of gas and glass firmly stands together to block
harmful ultraviolet sunrays and heat transfer, major causes of high-energy costs, faded flooring, and condensation
buildup.8 The section plan also showed that the walls were insulated with 3.5” of faced fiberglass, as well as 2.25”
of ridged insulation. Fiberglass insulation has shown to be a cost-effective, energy saving product. It traps heat,
allowing for maximum comfort for the buildings occupants. The insulation allows the building to be more energy
efficient and more profitable by cutting energy losses and decreasing production costs. 9 Ridged insulation serves a
similar purpose by increasing the insulation R-Value, which is its measure of thermal resistance.10 The bigger the
number, the better the building’s insulation effectiveness will be.11
Through the use of the Infrared Thermometer, I was given very interesting result. I took various readings
in the morning and afternoon to see if there was a difference in temperature due to the location of the sun. The way
the building is built and positioned with relation to the sun, the windows on the southwest side of the building range
from 80˚F to 90˚F. There would be a significant temperature change – as much as 20˚F – from a window that was
in direct rays of the sun compared to one that was positioned adjacent or perpendicular that saw little sun.
I did not find any pattern or correlation relating the temperature outside that day compared to the
temperature inside the building. The heating and cooling system is not efficient with regards to adjustments of
temperature change. Although, for the most part the floors tend to get cooler as you move up. The vents on the first
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floor gave an average reading of about 71˚F. The vents on the second floor gave readings ranging from 52˚F to
61˚F. On the third floor, the vents read as low as 49˚F and up to 64˚F. Evidently, there is a large range of
inconsistencies. It is a problem when vents on the same floor are blowing out significantly different temperatures,
especially when that difference is 15˚F.
I also found that the ceiling areas in the library that are vaulted are significantly cooler than the rest of the
ceiling area. The middle ceiling area of the library on the first floor read an average of 72˚F. The vaulted areas read
an average of 64˚F, a ten degree temperature decrease. This is clearly an area where a lot of heat is being lost. For a
complete map of the library indicating temperatures and hot and cold areas, please see Appendix A.
The responses that I received back from the library staff were very conclusive. There was a general
consensus that the heating and cooling in the building is completely uneven. They find that different floors of the
library seem to vary in temperature as well. The library runs on an HVAC system, which stands for heating,
ventilation, and air condition. Unfortunately, the staff feels that this system is inadequate and does not do its job
properly. There were reports that the HVAC system has been a problem nearly since it was installed and has had
parts replaced, which was very costly to the school. There also seems to be a problem with the change of seasons as
when there is a big temperature change outside, the inside heating and cooling does not seem to adjust accordingly
in a timely fashion. Certain offices of the building were reported very hot or frigid, whereas their neighboring
rooms were the exact opposite. It is generally understood among the staff that the HVAC system is never turned off.
And for the most part, as you walk around the building the temperature change from area to area is very noticeable.
There is also an issue with the sun shining through certain windows heating up the room, but the vents will still be
blowing out even hotter air, making some of the rooms between 80 and 90 degrees. Generally, the library staff
would like to see better climate control. The issue has been addressed to facilities, but it seems that the main
problem is the inefficiencies of the HVAC system. In the long run, it seems as though the only solution would be to
completely replace the system, which would be very costly during a time when money is awfully tight. For the full
responses from the library staff, please see Appendix B.

Internal Temperature and Humidity Fluctuation
Our first trial was to determine the amount of heat lost between all three floors. We placed Datalogger unit
1, 2, and 3 on each floor in the same location near the center of the floor. (See Figure 1, 2, 3) This trial began March

6, 2009 through March 13, 2009. This trial gave us a good idea of how much heat the building was losing between
all three floors. The center of the floors usually occupy not only the collections but students at all different hours of
the day.
The line graph below concludes that during increments of 6 hours the temperature flucuates. The average
temperature on the first floor was 73˚F,
˚F, the second floor was 73
73˚F, and the third floor was 72˚F
˚F for the week.
Although these averages seem relatively close the fluctuation every 6 hours is enormous, as you can see on the
graph below.
The temperature of the building seems to be lowest at 6 am and does not reach average building
temperature of about 73 ˚F, until about noon each day. This suggests that in order for the building to get to the right
temperature it is using an unreasonable amount of energy to meet the demands put on it by the heating system. Then
by midnight each day the building begins to cool down. This shows that that the building reaches a minimum
temperature of 70˚F
˚F and a maximum of 75˚F every single day. When concerned with the size of the carbon footprint
the library wishes to diminish, this is one major area of concern.; the uneven rise and fall of average temperature
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The second trial involved another major area of concern which was the Technical Services Workroom on
the second floor of the library.(See Figure 2) This room is occupied by Julie Swierczek and Lisa Underhill as well as
many other workers at various points in the day. On April 7, 2009 until April 14, 2009, we placed DataLogger unit
one in the workroom where there had been many complaints of the high temperatures in the afternoon in this room

but cold temperatures in the morning. We placed the control DataLog
DataLogger
ger unit 2 on the second floor in a central
location.
The data showed that the average temperature in the workroom was way below average for the building at
an astonishing temperature of 67˚F
˚F while the average temperature of the second floor was 71˚F. the problem lies in
two areas; 1. The average temperature should be constant in every area of the building, every office, special room
and even closet spaces, and 2. The workroom reached temperatures of 80
80˚F
˚F throughout the day especially in the
afternoon. As you can see from the graph the temperature of the two different areas differ significantly.
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humidity in such a precious room reaches a maximum of 51 and a minimum of 19 something is not being controlled
properly. The fluctuation in humidity should be a major concern for this part of the library.
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With this data it is easy to see the serious flaws the McKillop Library at Salve Regina University has with
their emission of carbon into the environment due to the inefficient heating system currently in place. One long term

solution would be finding a heating system that would allow more control of heat in different areas of the building.
For instance areas in the north and west parts of the building receive a great deal of sunlight in the afternoon hours.
The Technical Services Workroom on the second floor reports temperatures of 80˚F or higher when the sun is
pouring through the windows. With a controllable heating system the heat could be dropped to as low as 60˚F and
the building would still remain at the average of about 72˚F. Another solution might be to install quality shades in
these high sun areas so the temperature inside remains stable. By utilizing these sun areas the library would save
money because the workroom does not need to be as high as 80˚F as well as reducing the amount of natural gas
needed for the building.
With a controllable heating system the energy it takes for the building to heat up and cool down everyday
would not exist. If you were able to control the temperature precisely and not have such variation throughout one
day, the building could remain at 72˚F constantly, instead of flucuating so much. Then the lower temperatures
during the night could remain just as steady. Much energy is being lost as the building tries to catch up on its
average building temperature every morning.
A short term solution would be lowering the average temperature in the building all together. Would
students and staff really mind if the building was 70˚F instead of 72˚F? Thousands of dollars would be saved in
natural gas every year just by making the building just 2˚F cooler and would also cut the carbon emmission
significantly.

Roof
I accessed the library blueprints and calculated the square footage of the roof plan. After measuresing the
perimeter of the roof plan and working through the calculations I came up with a total of 18,194 sq/ft. The overall
square footage of the roof allowed me to get a a general cost estimate for building a green roof. There are two
different types of green roofing: extensive and intensive. An extensive roof mainly consist of plants and soil that are
considered to be self sustaining therefore require less maintenance and can tolerate a array of weather conditions.
Intensive roofing are often referred to as “roof gardens” and include trees as well. An intensive roof requires much
more maintenance, but can be utilized by people and animals. Because the costs of extensive and intensive vary so

greatly, I researched local buildings that have recently intalled green roofs. The new Potter League for Animals in
Middletown, RI has just recenlty completed there intensive green roof for the shelter over this past year. This
intensive green roof was built by Apex Green Roofs of Sommerfield, Massachusettes.12 In researching this
company, I wanted to get an understaing of why the Potter League chose this specific company and the benefits of
their green roofing. The benefits of green roofing are impressive and include: reduced enery cost, storm water
management, reduced heat island affect, improved air quaility, extended roof life, raised propert value, and created
wildlife habitats. Among these gains the library can definitley benefit greatly from reducing the energy costs of the
building and storm water management. Green roofs can reduce the temperarture of the the library roof significantly
from a regular 160º to 80º. Due to this roof cooling and temperature decrease, the amount of energy need to cool the
building will be greatly reduced. Also, green roofs have the ability to manage stormwater, that is they slow the
velocity of runoff volume to sewer systems 60 – 90%. This helps to manage the water during peak rainfall so that it
doesn’t overburden the sewers. 13 The average rainfalls for Newport,Rhode Island is as follows:

Month Jan Feb Mar Apr May Jun Jul

Inch

Aug Sep Oct Nov Dec Annual

4.23 3.54 4.51 4.29 3.52 3.11 3.01 3.72 3.57 3.71 4.47 4.32 46.00 14

Using this annual data of 46 inches, it can be estimated that a green roof would be capable of managing 27.6-41.4
inches of the years average rainfall. Aside from the benefits offered by Apex green roofing, green roofs also offer
the benefit of sound insulation. Sound insulation is a phenomenal benefit for the library considering it the central
building on campus for sutdents to study. The sound waves that are produced by machinery, traffic or airplanes can
be absorbed, reflected or deflected by the green roof.15 As I mentioned earlier, the benefits of green roofing are
practically endless. With regards to the cost of materials and installation, Apex green roofing offers a price range per
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square foot for the different green roofs. The extensive roof ranges in price from approximately $9 - $13 per square
foot with two years of basic maintenance. The intensive roof ranges in price from approximately $13 - $30 per
square foot also with two years of basic maintenance.16 Estimates for the library are as follows:
Extensive Roofing Estimates: $163,746- $236,522
Intensive Roofing Estimates: $236,522- $545,820
Although these costs may or may not be in the library’s budget for roof replacement, green roofs are of financial
value. What this means is that green roofing can save the library money directly because it extends the service life of
the roof, reduces energy costs, and increases the property value. A green roof will also offer the library an
opportunity to earn Leadership in Energy and Environmental Design (LEED) credits, which could lead to a
certification. This type of certification is very rewarding “A LEED certification provides independent, third-party
verification that a building project meets the highest green building and performance measures. All certified projects
receive a LEED plaque, which is the nationally recognized symbol demonstrating that a building is environmentally
responsible, profitable and a healthy place to live and work.”17 In the library’s pursuit to replace the roof and
become more eco-friendly, I truly feel a green roof should be taken into serious consideration. Although the
estimated cost for materials and installation may not be the numbers the library wants to see, the environmental and
cost benefits for the future are indisputable. I have high hopes that the Mckilliop Library will follow in the Potter
League’s example and take the next step towards improving the environment and sustaining its resources.
Boiler
Through talking to an HVAC technician on the phone, it was suggested that the library get a new boiler
called the Weil-McLain Ultra 3 Series. This boiler is 93-98% efficient which is 12- 18% more efficient than the
current boiler. I took the current heating bill and the average efficiency that could be achieved from changing the
boilers and calculated the money that could be saved. I found that on average I could save the $6,592 a year in
heating bills. This would be because the new boiler uses less natural gas to heat the same amount of water it takes
the current boiler. Then, using the new heating bill and the price the library pays per ccf of natural gas, I was able to
16
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determine the amount of natural gas the new boiler would use. By comparing that to the amount the current boiler
uses I found that it could save up to 7,089 ccf of natural gas a year. The most important step of my project was to
now translate these findings into carbon released so I could determine the library’s carbon footprint.
Now that I had the amount of natural gas used a year I could plug these amounts into a carbon calculator
online. The carbon calculator essentially multiplies the thousand cubic feet of natural gas by 120.61 because 120.61
pounds of carbon dioxide is emitted for every thousand cubic feet of natural gas burned. I found that with the new
boiler, the library could reduced 413 tons of carbon a year which would greatly reduce the size of the libraries
carbon footprint. The upfront cost of installing the new boilers was roughly estimated to be about $26,000 by the
HVAC technician I spoke with. It would be about $10,000 to install and another $4,000 per boiler. The 71,000
square foot library would require four boilers to heat it. The initial installation price tag seems to be expensive but if
the new boilers can save the library about $6,500 a year in heating, then it would take just under four years to pay
for the installation costs and all four boilers.

DISCUSSION
The heating efficiency, humidity, and roofing of McKillop library play a very important role in the
building’s carbon footprint. It has become clear that there are many inefficiencies with regards to the buildings
heating consistencies. Drastically different temperatures reside in rooms that are on the same floor, or even right
next to one another. It is also important to note the inefficiencies concerning the roof. Materials on the third floor
are being destroyed to leaking, and also creating a difficult working environment for both students and staff when
one portion of the floor is blocked off or covered in tarps. As noted earlier, the library contains many important
materials that hold historical significance. To see that go to waste due to temperature and humidity fluctuations that
can and should be controlled would be devastating. In the big picture, every person, company, industry, building,
etc. plays a very important role in the growing issue of global warming. This includes Salve Regina University and
the Newport community. With the accelerating rises in sea level, Newport and its beautiful beaches and historical
bulidings could be gone forever. For a projected interactive view of the possible state of Newport in the year 2100,
please go to http://www.nbep.org/maps-watershed.html and click the link SeaRise.kmz. The images speak for
themselves.
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